Abstract: A simple, selective, linear, specific, precise 
INTRODUCTION
Loperamide Hydrochloride (4-(p-chlorophenyl)-4-hydroxy-N,N-dimethyl-diphenyl-1-piperidine bytyramide monhydrochloride) is a white powder which is slightly soluble in water, freely soluble in alcohol and in methanol. Its chemical formula is C 29 H 34 Cl 2 N 2 O 2 . It is a piperidine derivative [1] as well is a drug that reduces intestinal mobility and thus widely used for the control and symptomatic relief of diarrhea [2] [3] [4] [5] . Moreover, it has been reported that Loperamide Hydrochloride could have some interest as an ant-ihyperalgesic agent reducing pain without causing any side effect on central nervous system [6] .
Since 1970, the manufacture and quality assurance of pharmaceutical products have influenced by the demand of process validation because of customers are more concerned about product safety, efficacy and potency [7] . Balan, P. et al, developed a chromatographic separation that was conducted on a Hypersil C18 (150 ºA-4.6 mm), 5 ºAµ column from Shimadzu in isocratic mode with mobile phase maintained at pH 3.0 and consisting of potassium dihydrogen phosphate, dipotassium hydrogen phosphate buffer and acetonitrile [8] . The flow rate was 1.0 mL/min and effluent was monitored at 210 nm. The retention time was 3.140 min. The method was found to be linear in the range of 10-60 ºAµg/mL with correlation coefficient of 0.9992. The method was validated over the range of 80-120 µg/mL and is accurate and precise. M. Madhu et al., developed a validated Reverse Phase High Performance Liquid Chromatography (RP-HPLC) method for the determination of Loperamide Hydrochloride in bulk and pharmaceutical formulation [9] . The chromatographic elution was performed on a Luna C8 (4.6× 150 mm) with 5 µm particle size using 45:55 v/v solution of acetonitrile and buffer (Buffer is made by mixing 3.0 g of triethylamine hydrochloride and 1.0 mL of phosphoric acid into 1L distilled water) as a mobile phase and the detection was carried out at 214 nm. The method was found to be linear. The correlation coefficient for Loperamide Hydrochloride was found to be 1.00. Accuracy of the method was assessed by recovery studies and the percentage of recovery was found to be within the range of 25-125%. K. Poornima and K.P. Channabasavaraj estimated Loperamide Hydrochloride and tinidazole simultaneously in bulk and pharmaceutical formulations by Reverse Phase High Performance Liquid Chromatography (RP-HPLC) [10] . The separation was achieved by using Lithosphere RP C-18, (250× 4.6 mm, 5µm) end capped column
Preparation of Working Standard and Sample Solutions of Loperamide Hydrocholride

Standard Preparation
Accurately weighed 10 mg of Loperamide Hydrochloride was dissolved in required amount of mobile phase to prepare about 50%, 80%, 100%, 120% and 150% (ranging from 0.1-0.3 µg/mL) concentration solutions.
Sample Preparation
Twenty tablets that contain Loperamide Hydrochloride were weighed and crushed to a fine, homogeneous powder. A quantity equivalent to 10 mg was weighed and diluted with mobile phase to prepare about 50%, 80%, 100%, 120% and 150% (ranging from 0.1-0.3 µg/mL) concentration solutions.
Optimization of Chromatographic Conditions
The method was carried out on trial and error basis and the best resolution was obtained at mobile phase concentration of acetonitrile: sodium-1-octane sulfonate buffer: 1M sodium hydroxide =390:610:0.5 % v/v; where the pH of mobile phase was adjusted to 4.0 (adjusted with dilute orthophosphoric acid).
Linearity and Range
The linear response of Loperamide Hydrochloride was established by plotting a graph to concentration versus area and determined the correlation coefficient. 20 µL of each of the standard solutions of Loperamide Hydrochloride to about 50%, 80%, 100%, 120% and 150% (ranging from 0.1-0.3 µg/mL) of the target concentration were prepared single time and injected each solution three times onto the HPLC system. A graph was plotted by placing concentration (mg/mL) on X-axis versus area on Y-axis. The correlation coefficient was calculated for principle peaks. From the results slope, intercept, correlation coefficient (r) of the least regression line was calculated.
Accuracy
The accuracy of the method was determined for the Loperamide Hydrochloride by spiking the stock solution of Loperamide Hydrochloride in a blank matrix in triplicate at levels 50%, 100% and 150% of the working concentration. Each sample solution was prepared three times at each spiked level and injected onto the HPLC system single time. The % of recovery of Loperamide Hydrochloride was calculated.
Specificity
The specificity of the method was determined by subjecting the active drug to force/stress conditions (such as acid hydrolysis, base hydrolysis, peroxide degradation, thermal degradation, and photolytic degradation). The samples and standards under stress conditions were monitored in order to demonstrate detectable interference due to degraded compounds or any other compounds formed. In order to see the reactivity of inactive placebo with Loperamide Hydrochloride under stress conditions, the placebo mixture (without the actives) was also treated under the same conditions. The resulting mixtures were then analyzed.
Precision (a) System Precision
Successive six injections of 20 µL working standard solution (six replicates) were injected into and HPLC column. The peak area and chromatograms obtained were recorded. The % relative standard deviation was calculated for peak areas of replicates. (b) Method Precision of System Suitability 20 µL of standard solutions of Loperamide Hydrochloride were injected into HPLC column and chromatograms were recorded. From the data obtained system suitability parameters like theoretical plates, tailing factor, % RSD and resolution were calculated.
Robustness
To prove the reliability of the analytical method during normal usages, some small but deliberate changes (e.g., solution stability, mobile phase stability, flow rate, column temperature, mobile phase composition, filter volume validation, sonication time variation) were made in the analytical method. Changes in the chromatographic parameters (i.e., theoretical plates and the tailing factors) were evaluated for the studies.
RESULT AND DISCUSSION
Linearity and Ranges
The linearity response for Loperamide Hydrochloride was observed in the concentration range of 0.1-0.3 µg/mL with correlation coefficient, percentage curve fittings found to be well within the acceptance criteria limit. The linearity and regression coefficient value is 0.9999 for the Loperamide Hydrochloride. This proves that the response is linear within the concentration range of 0.1-0.3 µg/mL (see figure) .These data are summarized in table 1. 
Figure2. Linearity curve for Loperamide Hydrochloride
Table1. Linearity of Loperamide Hydrochloride
Concentration
Specificity
Specificity is the ability of the method to accurately measure the analyte responses in the presence of all formulation ingredients. A study was conducted to demonstrate the effective separation of Loperamide Hydrochloride. Also study was intended to ensure the effective separation of degradation peaks of formulation ingredients at the retention time of Loperamide Hydrochloride. Stress studies of the drug's active pharmaceutical ingredients were utilized for the identification of the possible degradation products and for the validation of the suitability-indicating analytical procedures. It is the ability of the analytical method to measure the analyte response in the presence of its degradation products. The samples and standards under stress conditions were monitored in order to demonstrate detectable interference due to degradents or any other compounds formed. In order to see, the reactivity of inactive placebo with Loperamide Hydrochloride under stress conditions, the placebo mixture (without the actives) was also treated under the same conditions. The resulting mixtures were then analyzed. The result obtained from the forced degradation studies is summarized in 
Method Precision
The percentage of relative standard deviation (% RSD) of concentration for method precision of six replicate injections of Loperamide Hydrochloride was found to be 0.21, which is well within the acceptance criteria limit of not more than 2%. The results are described in the following 
Accuracy
The accuracy of the assay method was evaluated in triplicate at three concentration levels 50%, 100% and 150µg/mL in the bulk drug sample. The percentage recovery of Loperamide Hydrochloride in the bulk drug samples ranged from 99.04 to 100.56 respectively. High recovery results obtained from the proposed HPLC assay method indica tes that this method can be used for quantitative routine quality control analysis of pharmaceutical dosage form. The results are shown in the following 
Robustness
To prove the method developed is robust, some small but deliberate changes were made in the analytical method (e.g., solution stability, mobile phase stability, flow rate, column temperature, mobile phase composition, filter volume validation, sonication time variation etc.) were performed. The results found were described below.
Test of Robustness for Solution Stability
For the method developed, the solution stability was studied for both the standard solution and the sample solution after 48 hours preservation at two different temperatures (e.g at 2-8 ºC and at room temperature). The percentage of recovery for both the standard as well as sample solution was calculated.
System Suitability
The system suitability parameters of standard solution were monitored during the course of validation experiment. Freshly prepared standard solution was injected onto the HPLC system and chromatograms were recorded. The results are summarized in table 6.
The relative standard deviation (RSD) of the Loperamide Hydrochloride peak retention time and area found to be 1.07 and 0.34 respectively (within the acceptable limit of 2%). The above results reveal that the system meets the required system suitability. 
Test of Robustness for the Standard Solution Stability
The standard solution preparation for precision was injected onto the HPLC system after 48 hours storage at room temperature and 2-8 °C. The peak response for Loperamide Hydrochloride was recorded. The % recovery of Loperamide Hydrochloride was calculated. The results are summarized in Table 7 . 
Table7. Standard solution stability for Loperamide Hydrochloride
Test of Robustness for Sample Solution Stability
The sample solution preparation for precision was injected onto the HPLC system after 48 hours storage at room temperature and 2-8 °C and recorded peak response for Loperamide Hydrochloride. The percentage of recovery for the standard solution was found to be 99.50 and 99.96 at room temperature and at 2-8 ºC respectively. Similarly the percentage of recovery of the sample solution as soon as it is prepared was found to be at 2-8 ºC. But after 48 hours storage at 2-8 ºC and at room temperature, the % of recovery was found to be 98.97 and 98.02 respectively. So the % assay does not differ from initial value by more than 2.0, which meet the acceptance criteria. The above results reveal that the sample solution is stable up to 48 hours.
Test of Robustness for Mobile Phase Stability
For the method developed, the mobile phase stability was studied by injecting the mobile phase onto the HPLC column after 48 hours of the preservation. The % RSD of assay result was calculated.
System Suitability for the Test of Robustness for Mobile Phase Stability
The system suitability parameters of the standard solution were monitored by recording the chromatograms followed by injecting six replica of the mobile phase onto the HPLC at different time intervals during the course of validation experiment. The results are summarized in The relative standard deviation (RSD) of Loperamide Hydrochloride peak retention time and area found to be 0.74 and 0.14 respectively (within the acceptable limit of 2%).The above results reveal that the system meets the required system suitability.
Method Precision for the Test of Robustness for Mobile Phase Stability
The sample solutions were prepared six times and injected each solution single time. The % Assay and % RSD was calculated. The results are summarized in Table- The % RSD of retention time and pick area for the six sample preparations were found to be 0.05 and 0.33. Moreover the average % of assay and % RSD for the sample in assay experiment were found to be 99.85 and 0.41respectively. All these results meet the acceptance criteria. So the above results reveal that the mobile phase can be used up to 48 hours. 
Method Validation for Assay of Loperamide Hydrochloride by HPLC in Loperamide Hydrochloride Tablets
Test of Robustness for Column Oven Temperature Variation
At first, the system suitability parameters of standard solution were monitored at two different temperatures, viz. at 23 °C and at 27 °C during the course of validation experiment. Then the sample solution preparation for precision was injected onto the HPLC system at these two different temperatures. The % Assay and % RSD for Assay was calculated. The results are summarized in table 12-17.
Column Oven Set at 23°C a) System Suitability for the Test of Robustness Keeping Column Oven Temperature at 23°C
The system suitability parameters of standard solution were monitored during the course of validation experiment. Freshly prepared six replica of standard solution was injected onto the HPLC system and chromatograms were recorded. The results are summarized in The relative standard deviation (RSD) of the Loperamide Hydrochloride peak retention time and area found to be 1.2 and 0.17 respectively (within the acceptable limit of 2%).The above results reveal that the system meets the required system suitability.
b) Method Precision for the Test of Robustness Keeping Column Oven Temperature at 23°C
The sample solutions were prepared six times and injected each solution single time. The % Assay and % RSD for Assay was calculated. The results are summarized in The % RSD of retention time and pick area for the six sample preparations were found to be 0.23 and 0.29. Moreover the % RSD for the sample in assay experiment was found to be 0.65. All these results meet the acceptance criteria. So the above results reveal that the method is well robust at column oven temperature maintained at 23 °C.
Column Oven Set at 27°C a) System Suitability for the Test of Robustness Keeping Column Oven Temperature at 27°C
The system suitability parameters of standard solution were first monitored during the course of validation experiment by setting the column oven temperature at 27 °C. Freshly prepared six replica of standard solution was injected onto the HPLC system and chromatograms were recorded. The results are summarized in The relative standard deviation (RSD) of the Loperamide Hydrochloride peak retention time and area found to be 0.72 and 0.12 respectively (within the acceptable limit of 2%).The above results reveal that the system meets the required system suitability.
b) Method Precision for the Test of Robustness Keeping Column Oven Temperature at 27 °C
The sample solutions were prepared six times and injected each solution single time onto the HPLC column maintaining the column oven temperature at 27 °C. The % Assay and % RSD for Assay was calculated. The results are summarized in table16 to 17. The % Assay and % RSD were showed in table 17. The % RSD of retention time and pick area for the six sample preparations were found to be 0.01 and 0.38. Moreover the % RSD for the sample in assay experiment was found to be 0.56. All these results meet the acceptance criteria. So the above results reveal that the method is well robust at column oven temperature maintained at 27 °C. 
Test of Robustness for Flow Rate Variation
For the method developed, the flow rate of 2 mL/min was used. The robustness study was carried out with the small deliberate change to 1.9 mL/min and 2.1 mL/min. At first, the system suitability parameters of standard solution were monitored at two different flow rate (1.9 mL/min and 2.1 mL/min) during the course of validation experiment. Then the sample solution preparation for precision was injected onto the HPLC system at these two different flow rates. The % Assay and % RSD for assay was calculated. The relative standard deviation (RSD) of the standard Loperamide Hydrochloride peak retention time and area found to be 0.14 and 0.22 respectively (within the acceptable limit of 2%).The above results reveal that the system meets the required system suitability.
b) Method Precision for the Test of Robustness Keeping Flow Rate at 1.9 mL/min
The sample solutions were prepared six times and injected each solution single time onto the HPLC column maintaining the flow rate of mobile phase at 1.9 mL/min. The % Assay and % RSD for Assay was calculated. The results are summarized in The % RSD of retention time and pick area for the six sample preparations were found to be 0.14 and 0.15. Moreover the % RSD for the sample in assay experiment was found to be 0.26. All these results meet the acceptance criteria. So the above results reveal that the method is well robust at flow rate of mobile phase at 1.9 mL/min. The relative standard deviation (RSD) of the Loperamide Hydrochloride peak retention time and area found to be 0.11 and 0.21 respectively (within the acceptable limit of 2%).The above results reveal that the system meets the required system suitability.
b) Method Precision for the Test of Robustness Keeping Flow Rate at 2.1 mL/min
The sample solutions were prepared six times and injected each solution single time. The % Assay and % RSD for Assay was calculated. The results are summarized in The % RSD of retention time and pick area for the six sample preparations were found to be 0.08 and 0.38. Moreover the % RSD for the sample in assay experiment was found to be 0.11. All these results meet the acceptance criteria. So the above results reveal that the method is well robust at flow rate of mobile phase at 2.1 mL/min.
Mobile Phase Composition Variation
The system suitability parameters of standard solution were monitored at two different mobile phase composition (viz. acetonitrile: buffer: 1M NaOH = 380: 620: 0.5 and acetonitrile: buffer: 1M NaOH = 400: 600: 0.5) during the course of validation experiment. The sample solution preparation for precision was injected onto the HPLC system at two different mobile phase composition. The above results reveal that the method is well robust. The relative standard deviation (% RSD) of the Loperamide Hydrochloride peak retention time and area found to be 0.08 and 0.14 respectively (within the acceptable limit of 2%).The above results reveal that the system meets the required system suitability.
b) Method Precision
The sample solutions were prepared six times and injected each solution single time. The % Assay and % RSD for assay was calculated. The results are summarized in The relative standard deviation (RSD) of the Loperamide Hydrochloride peak retention time and area found to be 0.11 and 0.09 respectively (within the acceptable limit of 2%).The above results reveal that the system meets the required system suitability.
b) Filter Volume Variation Study
Filter volume variation study was conducted, considering without filter, 5mL, 10 mL, 15 mL and 20 mL solution. The results are summarized in table 31. The relative standard deviation (RSD) of the Loperamide Hydrochloride peak retention time and area found to be 0.09 and 0.09 respectively (within the acceptable limit of 2%).The above results reveal that the system meets the required system suitability.
Table31. Sample solution-Filter volume variation
b) Sonication Time Variation Study
To check the effectiveness of Sonication time variations Sonication time such as 2, 5, 10 and 20 minutes was considered for standard and sample solutions preparation for 10, 20 and 30 minutes. The above results reveal that the method is well precise and robust.
CONCLUSION
The isocratic HPLC method validated for determination of Loperamide Hydrochloride in Loperamide Hydrochloride Tablets is precise, accurate, linear, robust and specific. Satisfactory results were obtained from validation of the method. The method is stability indicating and can be used for routine analysis and to check the stability sample.
